NMDA receptors inhibit axonal outgrowth by inactivating Akt and activating GSK-3β via calcineurin in cultured immature hippocampal neurons.
Neurons are highly polarized cells with an axon and dendritic arbors. It is still not well studied that how formation and elaboration of axon and dendrites is controlled by diffusible signaling factors such as glutamate via specific receptors. We found that N-methyl-D-aspartate (NMDA) receptors were enriched (stage 2-3) but decreased expression (stage 4-5) at tip of axon of cultured hippocampal neurons during distinct development stages. Inhibition of NMDA receptor activity by competitive antagonist DL-2-amino-5-phosphonovalerate (APV) or channel blocker MK801 promoted axonal outgrowth at the early stages, whereas inhibited dendritic development in later stages. Meanwhile, knockdown of NMDA receptors also promoted axonal outgrowth and branch in immature neurons. Furthermore, GluN2B but not GluN2A subunit inhibited axonal outgrowth in immature hippocampal neurons. Finally, we found that NMDA receptors inhibited axonal outgrowth by inactivating Akt and activating GSK-3β signaling in a calcineurin-dependent manner. Taken together, our results demonstrate that stabilization GSK-3β activation in the axon growth cone by Ca2+ influx through NMDA receptors may be involved in regulation of axon formation in immature neurons at early stages.